This study reports the use of pelvic ultrasound scanning in childhood onset anorexia nervosa. The aim was to determine the weight and weight for height ratio (wt/ht) that would correspond with ovarian and uterine maturity and therefore offer the optimal opportunity for the start or resumption of menstruation.
One of the physical effects of anorexia nervosa is disturbance of the hypothalamic-gonadal axis, manifesting as amenorrhoea. It is thought to be related to the severe diet restriction and marked weight loss. Weight gain generally leads to a return of menses, but as many as 50% of adult patients continue to be amenorrhoeic or have irregular cycles years later, some despite maintaining a 'normal' weight. 2 In children with anorexia nervosa, especially those whose illness predates the completion of puberty, there is a real risk that pubertal development may be seriously impaired, leading to arrested physical growth and delayed menarche.3 Various medium term follow up studies have found outcomes similar to those of adult patients: normalisation of weight occurred in about two thirds of patients, but return or start of menses occurred in only 50-60%.>7 It is evident that while 'normal weight' serves as an indicator of nutritional outcome, it does not necessarily denote other aspects of physical recovery, such as menstrual function.
An important advance in monitoring the physical effects of eating disorders is the use of high resolution ultrasound scanners for assessing the size and morphology of the uterus and ovaries. In the course of normal development, the ovaries are initially heterogeneous with small 1-2 mm microfollicles visible on scanning ( fig 1) . As puberty progresses, there is a gradual increase in size and number of ovarian follicles, that is the ovaries become 'multifollicular' (more than six follicles in each ovary measuring more than 4 mm) (fig 2) . A single follicle then becomes dominant, and develops into an ovulatory follicle when it exceeds 2 cm in diameter (fig 3) . The ovarian volumes measure up to 3 ml, calculated according to the simplified formula for a prolate ellipsoid during childhood. 3 The normal range in pubertal girls is 3.95 ± 1-7 cm,38 and in young adults can be as high as 14 ml. 9 The prepubertal uterus has a tear drop shape, with the cervix larger than the corpus (fig 4) . After 6 years of age the uterus gradually elongates and the fundus develops and grows, so that the uterus ig pear shaped by the time puberty is complete ( fig 5) Ultrasound examination was performed using a high resolution real time Acuson 128 scanner. Warmed gel was applied to the lower abdomen as a coupling agent. A full bladder was a prerequisite for the examination as it is used as an acoustic window to visualise the uterus and ovaries lying behind the bladder. The examinations were performed by an experienced paediatric radiologist (RdeB) familiar with the normal appearance and development of prepubertal and pubertal uterus and ovaries. Student t tests were used for statistical comparisons.
The average age of the whole sample at referral was 13-5 years, with a range of 10-4-15-7 years. The average duration of symptoms before assessment was 11 months (range 3-37 months). Their mean weight was 37-4 kg (range 28-0-50-9 kg, SD 6-6), and mean wt/ht according to the TannerWhitehouse standards'5 16 was 8 1%. (A wtfht of less than 80% indicates a weight below the third centile and significant wasting.) A number of children had been nasogastrically fed before referral, thus raising the mean wt/ht for the sample. All 26 children were actively anorectic at the time of initial assessment.
Twelve (46%) of the children had never menstruated (the primary amenorrhoea group), and the other 14 (54%) had menstruated at least once (the secondary amenorrhoea group). These two groups were similar in age at presentation to the hospital and duration of symptoms. The primary amenorrhoea group was significantly lighter than the secondary amenorrhoea group in both actual body weight (mean 32-4 kg, range 28-0-409 kg, SD 4-6, v 41-7 kg, range 34-0-50 9 kg, SD 4-8, p<0l001), and wtfht (76.3%, range 60-85%, SD 7-6, v 85-1%, range 69-97%, p<001 ; see table 1).
All the children were treated using a comprehensive approach, either as inpatients or outpatients.'7
Results

INITIAL OVARIAN AND UTERINE VOLUMES
The mean ovarian and uterine volumes at the time of the first scan are shown in table 1. The Figure 5 Longitudinal section of the normal adult uterus. The fundus has grown and is now prominent compared with the cerix. The endometrium appears as an echogenic midline echo. Altogether 13 children (50%) started or recommenced menstruation within 12 months of treatment: six from the primary amenorrhoea group (50/O) and seven from the secondary amenorrhoea group (50%). Those who remained amenorrhoeic were followed up. The results below refer either to the time at which menstruation started or returned, or for the amenorrhoea group, to follow up at a mean of 18 months after the first scan.
The menstruating group had reached significantly higher weights (mean 48-4 kg, range 45-4-53*5 kg, SD 2.0) and greater wt/ht (96.5%, range 90-108%, SD 4.4) than those who remained amenorrhoeic (43-8 kg, range 35-0-51-5 kg, SD 4-3 and 87-5%, range 76-96%, . Similarly the menstruating group had reached significantly higher ovarian volumes (6-2 ml, range 4-7-8-3 ml, SD [1] [2] [3] [4] and uterine volumes (14-6 ml, range 11-6-19-4 ml, SD 2 7) than those who remained amenorrhoeic (4 9 ml, range 2-0-6-5 ml, SD 1-6 and 10-8 ml, range 6-1-16-0 ml, SD 5-2; table 2).
Increases in uterine and ovarian volume were observed with weight gain. The mean ovarian volume of those who were menstruating was similar to that expected for age and significantly greater than that of the nonmenstruating girls. Similarly the mean uterine volume of those who were menstruating was within the upper part of the normal range, and significantly greater than that of the nonmenstruating girls. Ovarian volume (ml) 6-2 (1-4) 4-9 (1-6) p<0 05
Uterine volume (ml) ( 2 7) 10-8 (5-2)* p<0-005 *p<005 compared with expected norms.
Discussion
The findings of our study confirm that, as in the case of adults, the ovaries and uterus of children presenting with anorexia nervosa are smaller than expected for their age. (Although their morphologies have not been presented here, our results concur with findings in adults with anorexia nervosa that at initial assessment, the ovaries and uterus are immature in appearance and content.10) This reduction in size is present in both the primary and secondary amenorrhoea groups, and is more striking in the former. Among the children with secondary amenorrhoea, it is indicative of regression of the pelvic organs as a result of weight loss. In those who are premenarcheal, it is possible that their persistently low weight, or failure to gain weight, has interrupted normal pubertal development so that the ovaries and uterus fail to reach sufficient maturity for menstruation to start. During weight gain, both the ovaries and uterus gradually increase in size. A return, or start, of menstruation occurs when both the ovaries and uterus have reached maturity after sustained weight gain.
It is clear from our findings, that the target commonly set in anorexia nervosa for weight (44-45 kg) and wtfht (93-95%) are far too low, in that pelvic ultrasound shows that ovarian and uterine maturity occurs at a mean weight of 48 kg and mean wt/ht of 96-5%. This probably explains why such a large proportion of young people with anorexia nervosa have persisting amenorrhoea. Target weight and wtfht need to be set higher than previously suggested. Pelvic ultrasound scanning enables the monitoring of ovarian and uterine maturation and the setting of correct target weight and wt/ht. This has considerable clinical significance, not only for the setting of correct targets, but also because children with anorexia nervosa tend to accept as gospel the target weight initially given. They then find it very difficult to accept the setting of a higher target, should the initial one prove too low. Finally, we noted with interest that pelvic ultrasound scanning appeared to motivate the children in a way that weight and wt/ht targets do not.
Conclusion
Pelvic ultrasound is an inexpensive, rapid, non-invasive, and easy to perform investigation that is well tolerated by children with anorexia nervosa. Our results indicate that previous target weight and wt/ht have been set too low. A healthy target weight is 48 kg, weight for height ratio 96-5%, ovarian volume 6 ml, and uterine volume 15 ml. Pelvic ultrasound scanning enables us to determine weight and wt/ht that correspond with the start or return of menstruation. 
